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(57)  An apparatus, tool, and method for modifying a
portion of a floor plan based on measurements made by
one or more sensors. The apparatus comprises a cor-
rection unit for compensating the sensor measurements

for instrument errors and a layout unit for improving the
conformity of the portion of the floor plan to a set of layout
rules. The apparatus may also comprise the sensors that
made the measurements.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to floor plans.

2. Description of the Prior Art

[0002] Floor plans of existing buildings were tradition-
ally measured using a tape measure. The emergence of
handheld measuring devices equipped with sensors now
makes it possible to make measurements and transfer
these measurements directly to specialized drawing soft-
ware. An example of handheld measuring devices in-
cludes laser range finders, which send a laser pulse in a
narrow beam towards the object and measure the time
taken by the pulse to be reflected off the target and re-
turned to the device. An example of a handheld device
is the Disto, which is a laser distance finder that transmits
measurements wirelessly to software running on a re-
mote computer.

[0003] Many factors influence the precision of meas-
urements made by a sensor: the quality of the device
components, the precision of the assembly, the qualifi-
cations of the operator, the care taken while manipulating
the device, the environmental conditions during the op-
eration such as the presence of furniture, the loss of pre-
cision during data transmission or subsequent computa-
tions, and limitations due to the inner workings of the
sensor. These factors can be grouped into two catego-
ries: those inherent to the sensor, which can be approx-
imated using a sensor error model, and those related to
operating conditions, which can be approximated using
an operation error model.

[0004] Anexample of error source inherent to a sensor
is gyroscopic drift, which can be approximated using an
error model. Over short periods of time, angles measured
using a gyroscope tend to drift at a nearly constant rate.
[0005] Using measurements made by angular sensors
to draw a floor plan may also introduce a scale uncer-
tainty. In fact, knowing the angles between all segments
of a floor plan is insufficient to determine the distance
between two points.

[0006] Obtaining a consistent and satisfying floor plan
based on real life measurements is a challenge. For in-
stance, one might want to compensate measures for
measurement errors while keeping some angles square
and some walls parallel. Greater sensor imprecision im-
plies greater error compensation and makes floor plan
consistency more difficult to maintain. One might also
want to compensate for imperfections in the building be-
ing measured, such as the compression or expansion of
construction materials over time, deformation due to ten-
sions in the structure, movements caused by environ-
mental forces such as wind, water or ground movements,
or simply construction errors that were made when the
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building was built or repaired.

[0007] In many circumstances, a highly accurate floor
plan may appear crooked to the reader, as it makes non-
square angles and non-parallel walls stand out. An ide-
alized version of the floor plan may then prove more use-
ful in these cases.

SUMMARY OF THE INVENTION

[0008] In an aspect of the invention, there is provided
an apparatus for modifying a portion of a floor plan based
on measurements made by one or more sensors. The
apparatus comprises a correction unit for compensating
the sensor measurements for instrument errors, and a
layout unit for improving the conformity of the floor plan
to a set of layout rules. In specific embodiments, the ap-
paratus may also comprise one or more of the sensors
that made the measurements.

[0009] In another aspect of the invention, a tool for
modifying a portion of a floor plan based on measure-
ments made by one or more sensors is provided. The
tool is adapted to run on an electronic device and com-
prises a correction unit for compensating the sensor
measurements for instrument errors and a layout unit for
improving the conformity of the floor plan to a set of layout
rules.

[0010] In another aspect of the invention, a method for
modifying a portion of a floor plan based on measure-
ments made by one or more sensors is provided. The
method consists in maximizing an objective function
combining several of the following rules while ensuring
that the modified portion of the floor plan remains sub-
stantially similar to the original: maximizing the number
of square angles between the walls, maximizing symme-
try between two series of walls , making angles square
or non-square based on user specifications, preventing
wall segments from intersecting anywhere but at their
extremities, preventing flat angles between connected
wall segments, minimizing a translation, a rotation, or a
scaling of elements comprised in the floor plan, ensuring
that a translation, a rotation, or a scaling of elements
comprised in the floor plan does not exceed a given
threshold, aligning walls to axes of one or more orthog-
onal coordinate systems, minimizing the difference be-
tween the floor plan and a reference floor plan, or max-
imizing the correspondence of properties of the floor plan
to a set of properties extracted from a database of refer-
ence floor plans.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an example of a simplified flow chart
representing the various steps of the method.

[0012] FIG. 2 is an example of a simplified represen-
tation of the components of the apparatus, namely a cor-
rection unit, a layout unit, and, optionally, one or more
Sensors.

[0013] FIG. 3 is an example of a simplified represen-
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tation of the components of the tool, namely a correction
unit and a layout unit.

[0014] FIG. 4 illustrates a floor plan drawn using the
original sensor measurements and shows how it is mod-
ified at the various steps, specifically after drift compen-
sation, after scale compensation, and after conforming
to layout rules.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Referenceis now madetoFIG. 1, whereinthere
is shown an example of a simplified flow diagram de-
scribing the various steps of the method.

[0016] According to one of the preferred embodiments
of the invention, the steps of compensating for the gyro-
scopic drift and for the scale factor can be performed in
any order or simultaneously.

[0017] According to another preferred embodiment of
the invention, the steps of verifying if the modified floor
plan conforms to the layoutrules 7, generating a modified
floor plan 8, and verifying if the modified portion of the
floor plan is compatible with the error model 9 are con-
strained by computation time and may be performed by
any Monte Carlo algorithm that guarantees a predeter-
mined execution time but not an optimal solution, such
as a Monte Carlo method, particle swarm optimization,
Newton’s method, a quasi-Newton method, a gradient
ascent or descent, a genetic algorithm, or simulated an-
nealing.

[0018] According to another preferred embodiment of
the invention, the steps of verifying if the modified floor
plan conforms to the layout rules 7, generating a modified
floor plan 8, and verifying if the modified portion of the
floor plan is compatible with the error model 9 are not
constrained by computation time and may be performed
by any Las Vegas algorithm that is guaranteed to find an
optimal solution regardless of the time taken, such as
brute-force search or a simplex algorithm.

[0019] According to another preferred embodiment of
the invention, the step of generating a modified floor plan
8 attempts to align most or all the walls to the axes of a
single orthogonal coordinates system. Walls at an angle
too far to be aligned to the axes of the orthogonal coor-
dinates system are left unchanged.

[0020] According to another preferred embodiment of
the invention, the step of generating a modified floor plan
8 first identifies one or more orthogonal coordinates sys-
tems by grouping together walls whose angles are close
one to another, give or take a right angle. Walls are then
aligned to these orthogonal coordinates system. Walls
at an angle that is too far to be aligned to the axes of any
orthogonal coordinates system are left unchanged.
[0021] According to another preferred embodiment of
the invention, the step of generating a modified floor plan
8 generates an idealized floor plan that matches the ex-
pectations of a user looking at the building interior.
[0022] According to another preferred embodiment of
the invention, the step of generating a modified floor plan
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8 generates a floor plan that maximizes one or more prin-
ciples of architecture, such as durability, utility, and beau-
ty. Ideas behind these principles can be formalized using
a set of proportions, an algorithm, or expressed as layout
rules.

[0023] According to another preferred embodiment of
the invention, the step of verifying if the modified portion
ofthefloor planis compatible with the errormodel 9 favors
an idealized floor plan over a precise one and accepts
floor plans that are not compatible with the error model.
[0024] According to another preferred embodiment of
the invention, the step of verifying if the modified floor
plan conforms to the layout rules 7 presents multiple cor-
rected floor plans as candidates to the user by means of
a screen. The user then selects the one that is closest
to reality by means of an input unit or rejects them all if
none are acceptable.

[0025] According to another preferred embodiment of
the invention, the step of verifying if the modified floor
plan conforms to the layout rules 7 may be interrupted
at any point by the user. The floor plan that conforms the
most to the layout rules at that point is then retained.
[0026] According to another preferred embodiment of
the invention, the portion of the floor plan targeted by the
method may contain a few wall segments, a whole room,
multiple rooms, or a complete floor plan.

[0027] According to another preferred embodiment of
the invention, the step of generating a modified floor plan
8 uses an error model that takes into account errors in-
herent to the sensors, such as limited precision or signal
noise.

[0028] According to another preferred embodiment of
the invention, the step of verifying if the modified portion
of the floor plan is compatible with the error model 9 uses
an error model that takes into account errors inherent to
the sensors, which can be approximated using a sensor
error model, as well as errors related to operating con-
ditions, such as user inexperience, obscured visibility,
biometric properties of the user or operation errors.
[0029] According to another preferred embodiment of
the invention, the step of determining a scale factor using
a biometric property of the user 5 relies on properties
such as the total height of the user, the distance between
his eyes and the ground, the length of his arms or arm
segments, the angle of his elbows or shoulders, the focal
distance of his eyes, or his posture while holding the de-
vice.

[0030] Referenceis now made to FIG. 2, wherein there
is shown an example of a simplified representation of the
components of the apparatus, namely a correction unit
201, a layout unit 202, and, optionally, one or more sen-
sors 200. It is understood that the components of the
apparatus can be located on any number of physical de-
vices.

[0031] According to one of the preferred embodiments
of the invention, the sensors 200, the correction unit 201,
and the layout unit 202 are all located on a single device
and communicate directly one with another.
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[0032] According to another preferred embodiment of
the invention, some or all of the sensors 200 are all lo-
cated on separate devices. The measurements are trans-
mitted to the correction unit 201 and to the layout unit
202 using one or more cables, using wireless communi-
cation units, or via a local network or the Internet.
[0033] According to another preferred embodiment of
the invention, the sensors 200 store the measurements
to a storage unit such as RAM memory, flash memory,
a memory stick, a memory card, or a hard drive. The
correction unit 201 and the layout unit 202 then read the
measurements from the storage unit.

[0034] According to another preferred embodiment of
the device, the device is a portable device such as a
cellular phone, a smartphone, alaser meter, a PDA (Per-
sonal Digital Assistant), a tablet, a digital camera, or a
laptop computer.

[0035] According to another preferred embodiment of
the invention, the device performs all or part of its com-
putations by means of a remote computer. The device
may be connected to the remote computer wirelessly or
with a cable. The remote computer may be situated near
the device, allowing communication protocols such as
Bluetooth or Wifi to be used, or it may be in a remote
location, inwhich case it can be accessed via the Internet.
[0036] Referenceis now madetoFIG. 3, whereinthere
is shown an example of a simplified representation of the
components of the tool, namely a correction unit 301 and
a layout unit 302.

[0037] According to one of the preferred embodiments
of the invention, the measurements are contained in the
floor plan, allowing the correction unit 301 to reposition
the points when compensating measurements using an
error model.

[0038] According to another preferred embodiment of
the invention, the measurements and the floor plan are
received separately and there is a referencing mecha-
nism between the two data sets. A first option is to have
each measurement reference elements comprised in the
floor plan as dependencies, allowing the correction unit
301 to modify the elements when compensating the
measurements. Another option is for each element com-
prised in the floor plan to indicate which measurements
it depends on, allowing the correction unit 301 to re-com-
pute the measurements when modifying the elements on
the floor plan. Both referencing mechanisms may be
used simultaneously, allowing back and forth computa-
tions.

[0039] According to another preferred embodiment of
the invention, the user specifies which angles defining
the floor plan must be square or which angles must not
be square by means of an input unit. The step of gener-
ating a modified floor plan 7 then generates floor plans
whose angles conform to the user specifications.
[0040] According to one of the preferred embodiments
of the invention, the tool is downloaded onto the device
using a memory card, a memory stick, a cable connected
to a computer, a cable connected to a network, or a wire-
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less network connection.

[0041] According to another preferred embodiment of
the invention, the tool is integrated with the device, either
as a pre-installed application or an extension of the op-
erating system. The application may be stored in ROM
(Read-Only Memory) or implemented using electronic
components.

[0042] According to another preferred embodiment of
the invention, the tool is adapted to run on a portable
device such as a cellular phone, a smartphone, a laser
meter, a PDA (Personal Digital Assistant), a tablet, a dig-
ital camera, or a laptop computer.

[0043] Referenceis now made toFIG. 4, whereinthere
is shown an illustration of a floor plan drawn using the
original sensor measurements 401, how it is modified at
the various steps, specifically after drift compensation
402, after scale compensation 403, and after conforming
to layout rules 404.

[0044] According to one of the preferred embodiments
of the invention, the scale factor was known at the time
the measurements were initially made and scale com-
pensation 403 is an optional step.

[0045] According to another preferred embodiment of
the invention, gyroscopic drift compensation 402 is ap-
proximated by using a constant drift velocity.

[0046] According to another preferred embodiment of
the invention, gyroscopic drift is considered negligible
and the step of compensating gyroscopic drift 402 is
skipped.

[0047] According to another preferred embodiment of
the invention, the portion of the floor plan is never actually
drawn or represented visually by the apparatus, the tool,
or the method. The portion of the floor plan is only ma-
nipulated as data, such as a set of points, coordinates,
matrices, or an array of floating point numbers. This data
can be stored in an XML file, a database, or a file readable
by a CAD software.

Claims

1. An apparatus for modifying a portion of a floor plan
based on measurements made by one or more sen-
sors, the apparatus comprising:

a correction unit for compensating the sensor
measurements for instrument errors;

a layout unit for improving the conformity of the
portion of the floor plan to a set of layout rules.

2. The apparatus of claim 1, further comprising at least
one of the sensors that made the measurements and
wherein the sensor is one of the following:

a gyroscope;
an accelerometer;

a laser distance meter;
a sonar;
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a compass;
a theodolite;

a camera;

a rotary encoder.

The apparatus of claim 1, wherein some of the sen-
sor measurements come from a gyroscope and the
correction unit performs the following computation
or its equivalent:

computing an angular drift by subtracting the an-
gle between two gyroscope measurements from
the expected angle between said gyroscope
measurements;

computing an angular drift velocity by dividing
the angular drift by the time elapsed between
the two gyroscope measurements;

for all gyroscope measurements, computing a
compensated gyroscope measurement by add-
ing to the measurement an angle equal to the
time integration of the angular drift velocity from
a reference point in time up to the time of the
gyroscope measurement;

modifying the floor plan using the compensated
gyroscope measurements.

The apparatus of claim 1, wherein the correction unit
applies a scale factor to elements comprised in the
portion of the floor plan, the scale factor being ob-
tained by one of the following:

abiometric property of the user holding a sensor;
a distance between a sensor and a reference
point;

a distance between a sensor and a reference
plane;

a ratio between an expected distance and the
same distance computed using sensor meas-
urements;

a triangulation using sensor measurements
made from two locations separated by a known
distance;

a combination of the above.

The apparatus of claim 1, wherein the layout unit
improves the conformity of the portion of the floor
plan to at least one of the following layout rules while
ensuring that the modified portion of the floor plan
remains substantially similar to the original:

maximizing the number of square angles be-
tween the walls;

maximizing symmetry between two series of
walls;

making angles square or non-square based on
user specifications;

preventing wall segments from intersecting an-
ywhere but at their extremities;
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preventing flat angles between connected wall
segments;

minimizing a translation, a rotation, or a scaling
of elements comprised in the floor plan;
ensuring that a translation, a rotation, or a scal-
ing of elements comprised in the floor plan does
not exceed a given threshold;

aligning walls to axes of one or more orthogonal
coordinate systems;

minimizing the difference between the floor plan
and a reference floor plan;

maximizing the correspondence of properties of
the floor plan to a set of properties extracted
from a database of reference floor plans;
maximizing an objective function combining
several of the above rules.

The apparatus of claim 1, wherein the measure-
ments that would have yielded the modified portion
of the floor plan are compatible with at least one of
the following:

the error model of the sensors;
operation errors while making the measure-
ments.

A tool for modifying a portion of a floor plan based
on measurements made by one or more sensors,
adapted to run on an electronic device, the tool com-
prising:

a correction unit for compensating the sensor
measurements for instrument errors;

a layout unit for improving the conformity of the
portion of the floor plan to a set of layout rules.

The tool of claim 7, adapted to run on an electronic
device further comprising at least one of the sensors
that made the measurements and wherein the sen-
sor is one of the following:

a gyroscope;

an accelerometer;

a laser distance meter;
a sonar;

a compass;

a theodolite;

a camera;

a rotary encoder.

The tool of claim 7, wherein some of the sensor
measurements come from a gyroscope and the cor-
rection unit performs the following computation or its
equivalent:

computing an angular drift by subtracting the an-
gle between two gyroscope measurements from
the expected angle between said gyroscope
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measurements;

computing an angular drift velocity by dividing
the angular drift by the time elapsed between
the two gyroscope measurements;

for all gyroscope measurements, computing a
compensated gyroscope measurement by add-
ing to the measurement an angle equal to the
time integration of the angular drift velocity from
a reference point in time up to the time of the
gyroscope measurement;

modifying the floor plan using the compensated
gyroscope measurements.

10. The tool of claim 7, wherein the correction unit ap-

1.

plies a scale factor to elements comprised in the por-
tion of the floor plan, the scale factor being obtained
by at least one of the following:

a biometric property of the user holding the sen-
Ssor;

a distance between a sensor and a reference
point;

a distance between a sensor and a reference
plane;

a ratio between an expected distance and the
same distance computed using sensor meas-
urements;

a triangulation using sensor measurements
made from two locations separated by a known
distance;

a combination of the above.

The tool of claim 7, wherein the layout unit improves
the conformity of the portion of the floor plan to at
least one of the following layout rules while ensuring
that the modified portion of the floor plan remains
substantially similar to the original:

maximizing the number of square angles be-
tween the walls;

maximizing symmetry between two series of
walls;

making angles square or non-square based on
user specifications;

preventing wall segments from intersecting an-
ywhere but at their extremities;

preventing flat angles between connected wall
segments;

minimizing a translation, a rotation, or a scaling
of elements comprised in the floor plan;
ensuring that a translation, a rotation, or a scal-
ing of elements comprised in the floor plan does
not exceed a given threshold;

aligning walls to axes of one or more orthogonal
coordinate systems;

minimizing the difference between the floor plan
and a reference floor plan;

maximizing the correspondence of properties of
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12.

13.

14.

15.

the floor plan to a set of properties extracted
from a database of reference floor plans;
maximizing an objective function combining
several of the above rules.

The tool of claim 7, wherein the measurements that
would have yielded the modified portion of the floor
plan are compatible with at least one of the following:

the error model of the sensors;
operation errors while making the measure-
ments.

A method for modifying a portion of a floor plan based
on measurements made by one or more sensors by
maximizing an objective function combining several
of the following rules while ensuring that the modified
portion of the floor plan remains substantially similar
to the original:

maximizing the number of square angles be-
tween the walls;

maximizing symmetry between two series of
walls;

making angles square or non-square based on
user specifications;

preventing wall segments from intersecting an-
ywhere but at their extremities;

preventing flat angles between connected wall
segments;

minimizing a translation, a rotation, or a scaling
of elements comprised in the floor plan;
ensuring that a translation, a rotation, or a scal-
ing of elements comprised in the floor plan does
not exceed a given threshold;

aligning walls to axes of one or more orthogonal
coordinate systems;

minimizing the difference between the floor plan
and a reference floor plan;

maximizing the correspondence of properties of
the floor plan to a set of properties extracted
from a database of reference floor plans.

The method of claim 13, wherein the measurements
that would have yielded the modified portion of the
floor plan are compatible with at least one of the fol-
lowing:

the error model of the sensors;
operation errors while making the measure-
ments.

The method of claim 13, wherein maximizing an ob-
jective function in performed by at least one of the
following:

a Monte Carlo method;
particle swarm optimization;
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Newton’s method;

a quasi-Newton method;

a gradient descent or ascent;
a genetic algorithm;

a simplex algorithm;
simulated annealing;
brute-force search;

a combination of the above.
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Figure 1
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Figure 3
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Figure 4
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